Abstract. Chemical vapor deposition (CVD) method is employed in the present paper to grow patterned Aluminium nitride (AlN) nanowire array. The AlN nanoarray is grown on Si substrate through patterned polystyrene spheres (PS) colloid template. The microstructure of AlN nanoarray is investigated by SEM, XRD and Photoluminescence (PL) spectrum. The results show that the full width at half-maximum (FWHM) of the XRD diffraction peaks of AlN nanostructure are very narrow, which means the good crystalline structure of the AlN nanowire. From the SEM photos, the cyclical morphology of the AlN nanostructure can be observed. The cycle is equal to the diameter of the PS template. The PL spectrum of the patterned AlN indicates that a strong and narrow band of 3.8 eV is emitted in the patterned AlN sample, which is due to the nitrogen vacancies in AlN.
Introduction
AlN is a hexagonal wurtzite structure III-IV compound, which has the largest band gap in Ⅲ nitrides. Dimension effect makes it special physical properties, which is considered a very promising material for semiconductor devices. AlN has high thermal conductivity and breakdown voltage, at the same time, it also has many other advantages, such as high mechanical strength, good thermal expansion coefficient, large surface acoustic propagation speed, relatively high piezoelectric constant and very low electron affinity. Possessing a negative electron affinity means that electrons excited into the conduction band can be freely emitted into vacuum.Therefore, AlN is suitable for field emission display (FED) application. Actually, at present, the factor impeding the big scale production of FED is the anode material and its array production. Even distribution, high lightening and easy production anode nanoarray continuously becomes the key points of worldwide researchers. The III-IV compound AlN is an ideal anode emitting candidate due to the above advantages. Especially, its one dimensional nanoarray structure, possesses the capability of significantly enhancing the localized electrical field, lowering the opening field emission voltage and increasing field emission current, which makes it a great potential usage in FED microelectronic industry and the growth of one dimensional semiconductor nanostructures with proper density and defect free has been especially focused on by researchers in nanotechnology.
In an inert atmosphere, AlN is stable in high temperature. In the air, when the temperature is higher than 700oC, it will be oxidation. In addition, when the temperature is higher than 1000 oC, the AlN can still maintain its mechanical properties and piezoelectric properties. Therefore, AlN possesses a widespread application, especially for its nanostructured materials. Its special chemical and physical properties arouse much worldwide research. AlN nanostructures can be synthesized via various methods, such as CVD method [1] [2] , arc discharge method [3] [4] , physical vapor deposition (PVD) method [5] and so on. These nanostructures include nanowhisker, nanowire, nanotip, nanorod, nanocone, nanocrater, nanoneedle, nanotube, nanoring, nanobrush and nanocomb. For example, Li et al. [6] synthesized various one-dimensional AlN nanoarrays by adjusting the substrates and the temperature in the CVD process. Yu et al. [7] [8] reported the fabrication of different structures of AlN nanoflowers using CVD method. The PL spectra of these nanoflowers exhibited different blue bands, which located at 437nm and 488nm, respectively. Chen et al. [9] synthetized AlN nanowhiskers consisted of nanotips growing out from the surfaces of sphere-like cores. The PL of the nanostructures were measured with a Xe lamp as light source and a broad blue emission band ranging from ultraviolet (416nm) to yellow (564nm) was observed from the PL spectra. Zhonglin Wang et al. [10] reported the growth of well-aligned AlN nanorods with hairy surfaces by a vapor-solid (VS) process. The well-aligned AlN nanorods with hairy surfaces can not only provide a new hierarchical nanostructure but also serve as a promising candidate for FE emitters because of their low electron affinity and the geometry of the multiple-nanotip surfaces. The as-prepared AlN sample had a low turn-on field of 3.8 Vμm-1 and an intensive light emission at 519nm. Y. K. Byeun et al. [11] reported the controlled growth by HVPE of one dimensional single-crystalline AlN nanostructure arrays by employing various controlled growth conditions, such as growth temperature, gas flow rate, and the effects of the use or non-use of catalysts, and they also investigated the field emission properties of these single-crystalline AlN nanostructures, the results showed that the as-grown AlN nanostructures had a low turn-on field and threshold field of 2.25 and 3.58Vmm-1, respectively. However, the randomly distributed AlN nanostructure is not suitable for the final FED anode due to the screening effect, only the highly ordered and orientated AlN nanoarray is the key for production even emission, high lightening, low loss and addressable FED devices. Therefore, in the present paper, we employ the CVD method to prepare the highly order AlN nanostructure by employing patterned template.
Experiment
In this experiment, polystyrene spheres were prepared by introducing into the reaction flask a solution containing PVP (MW 10000, 2 g, 1.8% w/v of total solution, ACS reagent grade) dissolved in a mixture of ethanol and DI water. The temperature of the mechanically stirred solution was maintained at 65oC. Nitrogen was used to exclude air during the polymerization period. Another solution containing the initiator benzyl peroxide (1.3 g, 1.2% w/v of total solution, ACS reagent grade) and styrene (6.2 ml, 5.2% w/v of total solution, ACS reagent grade) was then added to the reaction flask. The polymerization reaction was continued for 24 h and the flask was then cooled. The spheres formed were washed with ethanol and then water. The monolayer of latex spheres was created. After removing the polystyrene spheres, ordered and patterned pores was left on the silicon.
The synthesis of patterned AlN nanowires was carried out in a horizontal two-temperature zone tubular furnace. Si(111) was pretreated by the above method, and then silicon was served as substrate placed at the center of the high temperature zone, AlCl3 powder (chemical purity 99.99%) was used as aluminum source and ammonia was employed as nitrogen resource. About 8 gram AlCl3 is placed in an alumina boat, and the boat was put in the upstream place about one boat away from the Si substrate. The system was flushed with NH3/N2 mixed gas about an hour to remove oxygen and moisture. The furnace was heated under a NH3/N2 flow of 20 sccm at 15oC/min, and the temperature was 830oC. The system was maintained at constant temperature and gas flow for 2hrs. After that, the system was cooled down to room temperature under 100sccm NH3/N2.
The as-prepared products were characterized by scanning electron microscopy (SEM, model Gemini LEO 1530 with energy-dispersive X-ray spectroscopy installed), X-ray diffraction (XRD, model Bruker D8 Advance, λ = 1.54056 Å) with Cu Kα radiation. The PL spectra were recorded by exciting with the 200 nm Xe laser.
Results and Discussion
Figure 1(a) shows the self-assembled polystyrene colloidal template, Fig. 1(b) shows the patterned SiO2 and Fig. 1(c-d) illustrates the morphology of the patterned AlN nanoflowers. In the experiment, the diameter of the polystyrene spheres is about 860 nm, it's approximately equal to growth cycle of the AlN nanoflowers. So it can be concluded that the AlN nanostructure is almost grown on the exposed place on PS template decorated Si substrate. In addition, the nanoflowers are dispersed from the middle to both sides, in other words, the nanoflowers are not grown on the wall of the template. The XRD pattern of the as-prepared AlN nanostructure is illustrated in Fig.2 . As can be seen, the patterned AlN sample exhibits pure wurtzite structure, according to the standard JCPDS card No. 041542. The 2Theta angles of the diffraction peaks are located at 35.9°, 37.8°and 59.2°, which are correspond to (002), (101) and (110) planes of AlN wurtzite structure, respectively. Other peaks are corresponding to alumina phase. The generation of alumina phase results from the excess oxygen in the furnace during the AlN growth. In addition, a large slope appears in the initial 2Theta angle in the figure, which can be attributed to the silicon substrate. Because compared with the Si(111) substrate, there is much less AlN sample content, the signal of the substrate is thus much stronger than the AlN sample. What's more, the FWHM of the diffraction peaks are very narrow, which means the crystalline structure of the AlN sample is good. The PL spectrum of the as-prepared AlN sample collected at room temperature is indicated in Fig.3 . Irradiation of AlN sample by UV light results in formation of a strong PL spectrum, in which the 3.65eV band is predominant within the UV region. Youngman et al [12] proposed that a broad band at 2.7 (459 nm) and 3.8 eV (326 nm) from AlN single crystals grown under nitrogen-deficient conditions results from the vacancy of N, but without giving detailed information. In our experiment, the growth temperature is relative low, and there also might be oxygen residue in the furnace during AlN growth, thus, there is a large number of nitrogen vacancies in the as-prepared AlN sample. We can see that the PL intensity of the nanostructure is strong, and the FWHM is narrow, it means that less impurity incorporated into the sample. 
Conclusions
We have prepared patterned AlN nanoflowers using chemical vapor deposition(CVD) method. The as-prepared products were characterized by SEM, XRD, and PL, the PL spectra were recorded by exciting with the 200 nm Xe laser. the crystalline structure of the AlN sample is good and less impurity incorporated into the sample.
